Twenty patients with hypertension were studied under diets containing low and high salt to identify factors which might be involved in elevating blood pressure under sodium-loading. They were classified as "salt-sensitive" (SS) and "nonsalt-sensitive" (NSS) according to the presence or absence of greater than 10% increases in mean blood pressure when a low salt diet was replaced by a high salt diet. During high-sodium intake, the SS patients showed reduced urinary excretion of sodium and elevated plasma levels of aldosterone as compared with plasma renin activity. The SS patients also showed an enhanced pressor response to norepinephrine under both low-sodium and high-sodium diets.
RESULTS
Seven patients were classified in the SS group and 13 patients in the NSS group. The elevation ratio of mean blood pressure of the SS group was 16% and that of the NSS group was 4%. The backgrounds of these patients are listed in Table I , which indicates no significant difference in age, blood pressure on admission and laboratory data. The urinary sodium level on the 5th day of the high-sodium diet was significantly greater in the NSS patients than in the SS patients, though there were no significant differences in the urinary potassium level and volume. The SS patients had gained more weight than the NSS patients, but the difference was not significant. No significant change in the serum electrolyte concentration was observed (Table II) .
PRA was suppressed significantly by the high-sodium diet as compared with the low-sodium diet (Fig. 2) . The PAC decreased insignificantly with a high-sodium diet from the level under a low-sodium diet. Since the levels of PRA and PAC did not show a parallel change from a low-sodium diet to a high-sodium diet, we have employed the ratio of PAC to PRA (PAC/PRA) as a normalized index. With a high-sodium diet, the ratio PAC/PRA was signifi cantly greater in SS patients than in NSS patients. The pressor doses of norepinephrine in NSS patients were enhanced to a Fig. 2 . Plasma renin activity (PRA) and plasma aldosterone concentration (PAC) of salt-sensitive (SS) and nonsalt-sensitive (NSS) patients given a low-sodium (L) and a high-sodium (S) diet. Pressor doses of NSS patients were larger than those of SS patients.
greater extent than those in SS patients. This may indicate the responsiveness to exogenous norepinephrine is enhanced more significantly in SS patients than in NSS patients. Salt intake did not affect the pressor doses of norepinephrine in either the SS or the NSS patients.
DISCUSSION
It is speculated that the blood pressure responses to sodium-loading are variable in each hypertensive patient. Previous studies of patients with essential hypertension have attempted to classify patients on the basis of levels of PRA8) or plasma norepinephrine.9) Moreover hypertensive patients have been divided into 25),6) or 310) groups by the tentative criteria of response of blood pressure to salt-loading. In these trials, the patients with hypertension were subdivided into groups such as SS, NSS5),6) or paradoxically SS groups,10) according to response of blood pressure to salt-loading. In this study, we employed SS and NSS groups, because of the limited number of patients. Furthermore, the aim of our experimental design was to identify factors which elevate blood pressure by salt-loading.
The demonstration of 2 hypertensive groups, termed SS and NSS patients,5),6) provides an advanced approach for the research of salt-induced hypertension. Since it was reported that the SS patients retained more sodium than the NSS patients,5),6) we confirmed that the NSS patients excreted more sodium than the SS patients. However, the mechanism for sodium retention in the SS group is unclear.
Considerable attention has been focused on the role of vasoactive substances in renal natriuresis of salt-loading. However, there was no difference in the plasma aldosterone concentration in the SS and the NSS groups. As a consequence, other known factors, which are prostaglandin and dopamine, were considered. There is no evidence for an excessive release of prostaglandin or dopamine from the kidney during high sodium ingestion in the NSS patients. Fujita et al6) suggested that there is an increased release of urinary PGE1 during the periods of low-sodium diet and furosemide treatment in NSS patients, and could not demonstrate the increased release of urinary PGE2 during high-salt diet. However, since we have demonstrated an interaction between circulating prostaglandin and the pressor response to norepinephrine,11) the attenuated pressor response to norepinephrine in the NSS patients suggests the possibility of an enhanced generation of circulating prostaglandin as compared to the SS patients. Therefore, it is suggested that the NSS patients have a higher degree of natriuresis than the SS patients, mediated by the enhanced generation of some types of prostaglandins, which in turn, dilate blood vessels and induce sodium excretion.
It is interesting to note that the suppression of PRA by sodium-loading was more marked in the SS group, while the PAC level did not fluctuate. Thus, there was a dissociation between plasma renin activity and the plasma aldosterone level of the SS patients during salt-loading. This suggests either that aldosterone secretion is autonomous or that regulating mechanisms other than the renin-angiotensin system are responsible for controlling aldosterone secretion. Other known regulators for aldosterone secretion are ACTH, potassium and dopamine. In combination with natriuresis, dopamine may modulate the secretion of aldosterone.12) Increased urinary excretion of dopamine in response to sodium loading,13) reflexed the augmented dopaminergic activity of the kidney. Therefore, dopaminergic inhibition of aldosterone secretion may occur under sodium loading. From these results, it is suggested that the SS patients retained more sodium in the body as a consequence of deficient dopaminergic activity, which may diminish the inhibition of aldosterone secretion and increase the level of PAC in response to circulating angiotensin II.
Another factor to be considered for blood pressure elevation during sodiumloading of the SS patients is the enhanced vascular reactivity to norepinephrine. The pressor responses to norepinephrine of the SS patients were more enhanced during both sodium-deprivation and sodium-loading than those of the NSS patients. The augmentation of pressor responses to norepinephrine was one of the important factors in elevating blood pressure by sodium-loading in the SS patients. The present study provides the interesting hypothesis that the patients with an ehnanced pressor response to norepinephrine during sodium-deprivation may respond to salt-loading with an increase of blood pressure (salt-sensitive patients).
A chronic load of salt induces the elevation of peripheral vascular resistance, probably through the inhibitory effect of sodium-potassium-ATPase activity.14) In the present study, the pressor response to norepinephrine did not increase on the 5th day of sodium-loading. As described in the Methods , the period of sodium loading followed the sodium depletion period . Therefore, it is suggested that an insufficient sodium load masked the increase of pressor response to norepinephrine on the last day of sodium-loading in this study . We have previously observed an enhanced pressor response to norepinephrine at the sufficient load of sodium in animal experiments . 15) Since the pressor response to norepinephrine is modulated by prostaglandins (PG), it is increased in cases with PG deficiency and decreased in cases with augmented PG. It was reported that the NSS patients excrete more urinary prostaglandin E2 (PGE2) during sodium depletion than the SS pa-tients.6) The enhanced excretion of PGE2 in the urine of NSS patients suggests the possibility that the biosynthesis of PG in various tissues may be enhanced in the NSS patients. It is generally accepted that prostacyclin (PGI2) has potent vasodilating and modulatory activity and that it may play an important role in the regulation of blood pressure. Aortic PGI2 generation is enhanced by sodium-loading and depletion.15) This PGI2 generation in the vascular tissue may modulate the vascular sensitivity to vasoactive substances. Therefore, we assume that there may be differences in the vascular PGI2 generating activity of the SS and the NSS patients.
In experiments employing conscious rats, with chronic catheters in the jugular vein and abdominal aorta, we found that the rats which show an enhanced pressor response to norepinephrine maintain their high vascular activity until the development of hypertension induced by DOCA/salt treatment. 16 ) This indicates that the enhanced pressor response to norepinephrine is probably genetic in origin. In summary, we have divided the patients with hypertension into SS and NSS patients, according to blood pressure responses to salt-loading. The mechanisms underlying dietary sodium influences on blood pressure are not known, but it is speculated that the SS patients tend to retain more sodium and water, and have a higher pressor response to norepinephrine than NSS patients. During sodium-loading, both sodium retention and an increased pressor response to norepinephrine may contribute to the elevation of blood pressure.
